The present study illustrates the application of analytical hierarchy process (AHP) to a decision-making problem. AHP is a popular and powerful method for solving multiple criteria decision-making (MCDM) problems. An attempt is made here to initialize the use of multicriteria decision-making methods for ranking alternatives that curb student absenteeism. Through the expert opinions, the criteria that cause student absenteeism are identified and the criteria hierarchy was developed. The relative importance of those criteria for Indian environment is obtained through the opinion survey. Alternatives that curb student absenteeism in engineering colleges like counseling, infrastructure, making lecture more attractive, and so forth were collected from literature, journals' surveys and experts' opinions. Alternatives are evaluated based on the criteria, and the preferential weights and ranks are obtained. The experts' opinions are validated by Saaty's inconsistency test method. "Involvement of parents" is the best alternative given by the group of experts. Parents have to know their ward's day-to-day progress in college. The second best alternative is "counseling," as many criteria that cause student absenteeism are reduced by counseling.
Introduction
Our motivation for this research is to answer the following questions.
(1) Can a framework be established to provide a method for ranking of alternatives, which curb student absenteeism when multiple criteria are utilized? (2) Can the criteria that most significantly contribute to the alternatives be identified? Student absenteeism is always a concern in educational institutes as their learning is directly related to it. It attains more importance in colleges and institutions offering professional courses like engineering, medicine, and so forth. This concern is always discussed
The above literature reveals that the problem of student absenteeism is a multicriteria problem. Also, enough information is not available about the student attitudes of engineering colleges in India.
Saaty [21, 22] gave a method for measuring the relative importance of multiple criteria by structuring the functions of a system hierarchically. Saaty [24] introduced AHP, a multicriteria decision-making approach by giving the principles and philosophy of the theory. He used AHP for several cases, such as school selection, overall satisfaction with a job, and obtaining a relationship between the illumination received and of the distance from the source. Saaty [23] showed that, contrary to what Professor Dyer has laid, for rank reversal in relative measurement mode of the AHP for which there is no parallel in utility theory.
Yue et al. [27] in their paper introduced a convenient procedure for ranking N alternatives through direct comparisons in AHP. The alternatives were divided into groups in such a way that dominant relationship exists between the groups but not among the alternatives within each group.
Reddy et al. [20] presented a method for performance evaluation of technical institutions by analytical hierarchy method. Dyer [5, 6] provided a brief review of several areas of operational difficulty with the AHP and then focused on the arbitrary rankings that occur when the principle of hierarchic composition is assumed. Harker [9, 10] presented an overview of the philosophy and methodology, which underlies the analytic hierarchical process by describing the method along with its mathematical underpinnings, and the AHP has demonstrated the robustness across a range of applications' domains, and discussed the central element, concerned with rank reversal. Phillips-Wren et al. [15] proposed a frame work to evaluate decision support systems (DSSs) that combines outcome and process oriented evaluation measures. Islam [11] developed certain techniques to extract the underlying weights from different types of pairwise comparison matrices in the framework of analytic hierarchy process. Ramanathan and Ganesh [19] proposed a simple and appealing eigenvector-based method to intrinsically determine the weightages for group members using their own subjective opinions and also its superiority over other methods. Prabhu and VizayaKumar [18] illustrated the use of fuzzy hierarchical decisionmaking (FHDM) for steel-making technology considering the Indian conditions. Ramsha Prabhu and VizayaKumar [17] presented the use of fuzzy hierarchical decision-making (FHDM) for the selection of an appropriate technology. Prabhu [16] identified various criteria for technology evaluation, suggested suitable framework and methodology for technology choice, and applied fuzzy MCDM for this.
Methodology

Problem definition.
Student absenteeism in engineering colleges is found to be an important concern in producing quality engineers to the nation as it is found that the quality is directly proportional to absenteeism. The aims of the work are (i) to identify the causes for student absenteeism in engineering colleges, (ii) to identify alternate solutions to curb absenteeism, P. Kousalya et al. 5 (iii) to evaluate the alternatives with the identified criteria in order to recommend the feasible and better solutions to the problem, and (iv) to demonstrate the use of AHP in educational management. A questionnaire survey and Delphi method are used to identify the causes of absenteeism, and alternate solutions to curb absenteeism. As the problem is found to involve, multicriteria decision-making, AHP is chosen to analyze the data.
In the literature of multicriteria decision-making (MCDM) analysis, there exist a large number of methods, such as simple weighted average method, elimination of choice translation algorithm (ELECTRE) and preference organization method for enrichment evaluation (PROMETHEE). However in the above methods, there is no formal procedure for evaluation of weights. There are several other methods to find out weights from pairwise comparison matrices such as logarithmic least squares method and least squares method, but eigenvector method has been found to be most suitable to find out weights from pairwise comparison matrices.
Identification of criteria and hierarchy formation
A preliminary literature survey was carried out to identify the criteria. Also a questionnaire survey was administered among students. Then, as part of the Delphi study, in the preliminary round questionnaire, open-ended questions on criteria/subcriteria to be considered were included and sent to 25 principals (experts) of engineering colleges in Andhra Pradesh (India). Their responses along with the criteria indicated in the literature survey and questionnaire survey among students were summarized and a list of criteria/subcriteria to be considered was prepared. Then another questionnaire was administered to the experts for addition/removal of criteria. About 15 responses were received in this round, at the end of which 13 criteria were identified.
4.1.
The physical significance of the criteria which influence student absenteeism. In the hierarchy shown in Figure 4 .1, the first level (Level 0) shows the overall goal of motivating students towards studious habits by reducing student absenteeism. The next level (Level 1) shows the main criteria that cause student absenteeism, and its next level (Level 2) shows the subcriteria under each main criterion. The last level (Level 3) shows alternative solutions to the problem. The physical significance of various criteria/subcriteria is explained below.
(i) Ill health. The student may be absent due to ill health caused frequently like aches (stomach ache, head ache, etc.), common cold, fever, and so forth, and ill health caused by diseases like typhoid, jaundice, and so forth, or the student may have auditory/visual defects.
(ii) Domestic problems. The student may be absent due to domestic problems like death of a near relative sometimes necessitating that the student shoulders additional responsibilities of the family, and unrest between parents.
(iii) Preparation without a teacher. The student may be absent as he/she is capable of preparing for the course without the help of a teacher or the teacher's teaching is demotivating. (iv) Lack of motivation. The student may be absent as a result of lack of encouragement from teachers/parents or he/she lacks enthusiasm to learn or he/she lacks motivation due to lack of job opportunities as perceived by the student.
(v) Class environment. The student may be absent, as he/she may find the class environment uncomfortable due to poor ventilation or noise/disturbances outside the class.
(vi) Socioeconomic factors. The student may be absent because of socioeconomic factors like having uneducated parents or might belong to economically backward class, lacking finances to meet living expenses, and so forth.
(vii) Psychological factors. The student may be absent because of psychological factors like peer pressure, or is demotivated because neighboring colleges apparently have more comfortable schedules, or he/she is undisciplined (misbehaving in the campus and hence suspended from attending classes), or he/she has no interest in engineering education.
(viii) Evaluation system. The student may be absent as a result of demotivation because he/she perceives that the evaluation system at the end examinations is not objective and that marks are not awarded according to one's ability.
(ix) Distractions. The student may be absent because of many distractions like movies, drugs, cricket, and other amusements. He/she may be involved in communal/political activities.
(x) Lack of responsibility of student. The student may be absent because of lack of sense of responsibility, and he/she does not have proper guidance regarding the course and lacks accountability.
(xi) Irregular conduct of classes. The student may be absent because of irregular conduct of classes and thereby loses interest in attending the college.
(xii) Participation in cocurricular/extracurricular, and cultural activities. The student may be absent as he/she participates in celebration of events/occasions or games/sports or competitions held outside the college.
(xiii) Participation in workshops/seminars/conferences. The student may be absent as he/ she may be participating in external workshops or seminars or conferences or he/she is preparing for examinations like GRE/GATE/TOEFL, and so forth.
The next round of Delphi study was conducted to identify the relative importance of factors that are to be considered to analyze the student absenteeism and other related matters. The method of Saaty [21, 22] , described below, that generates a hierarchical alternative solutions is used for analysis.
Based on the criteria formed, a second-round questionnaire was prepared to verify the importance, in consideration with each and every identified criterion, which influences student absenteeism in engineering colleges. Saaty's linguistic scale, given in Table 4 .1, was used to collect expert's opinions on pairwise importance of criteria/subcriteria. The hierarchical structure of the criteria along with alternative solutions is given in Figure 4 .1.
8 Student absenteeism using AHP Figure 4 .1, a second-round questionnaire was prepared and sent to the 15 experts. Saaty's pairwise scale was used to collect opinions on relative importance of each criterion at each level. The scale is shown in Table 4 .1.
Responses from 11 experts are received. The second step is the elicitation of pairwise comparison judgments. Arrange the elements in the second level into a matrix and elicit the judgments from the people who have the problem about the relative importance of the elements with respect to the overall goal.
The importance weights of each of the experts is found using Eigenvector method which is explained in Section 5.2, and the group importance weights is calculated using geometric mean method as explained in Section 5.3.
Eigenvector method.
Suppose we wish to compare a set of "n" objects in pairs according to their relative weights. Let us denote the objects by A 11 ,A 22 ,...,A nn and their weights by w 1 ,w 2 ,...,w n . The pairwise comparisons may be represented by a matrix as in Table 5 .1.
This matrix has positive entries everywhere and satisfies the reciprocal property 
we obtain the vector nw. Our problem takes the form
We started with the assumption that w was given. But if we only had A and wanted to recover w, we would have to solve the system
in the unknown w. This has a nonzero solution if n is an eigenvalue of A, that is, it is a root of the characteristic equation of A. But A has unit rank since every row is a constant multiple of the first row. Thus all the eigenvalues λ i , i = 1,2,...,n, of A are zero except one. Also it is known that
The solution w of this problem is any column of A. These solutions differ by a multiplicative constant. However, this solution is normalized so that its components sum to unity. The result is a unique solution no matter which column is used. The matrix A satisfies the cardinal consistency property a i j a jk = a ik (5.6) and is called consistent. If we are given any row of A, we can determine the rest of the entries from this relation. 
Obtain the normalized geometric row means as
This gives the required importance weights of criteria/subcriteria or the alternatives under criteria/subcriteria. Next we move to the pairwise comparisons of the elements in the lowest level. The elements to be compared pairwise are the alternative solutions with respect to how much better one is than the other in satisfying each criterion/subcriterion in level 2. Thus there will be twenty five 7 × 7 matrices of judgments since there are 25 elements in level 2 and 7 elements to be pairwise compared for each element. Table 5 Table 5 .3 and are ranked for each of the experts Exp: 2, Exp: 5, Exp: 8, Exp: 10, and Exp: 11. The rankings of the criteria/subcriteria are shown in Table 5 .4 from which it could be observed that the criterion participation in workshops/seminars/conferences (M) is among the first nine, which is given by three experts. The criterion evaluation system (H) is among the first nine, which is given by five experts. The criterion lack of responsibility of the student (J) is among the first nine, which is given by five experts. The criterion distractions (I) is among the first nine, which is given by three experts. The criterion lack of motivation (D) is among the first nine, which is given by three experts. The criterion, P. Kousalya et al. 11 12 Student absenteeism using AHP socioeconomic factors (F), among the first nine, which is given by five experts. The criterion participation in cocurricular/extracurricular/cultural activities (L) is among the first nine criteria, which is given by two experts. The criterion psychological factors (G) is among the first nine criteria, which is given by four experts. The criterion domestic problems (B) is among the first nine, which is given by three experts. Though exact consensus was not found while ranking the criteria, it could be observed that all the five experts have ranked the same criteria as the first nine criteria, and this ranking is almost the same as the opinions of the group. This shows that in judging aggregate criteria, panelists are not able to judge well, but when the aggregate criteria are disintegrated and formed as the operational subcriteria, they are able to judge well and have almost expressed the same opinion leading to high consensus as seen in Table 5 .4-ranks of criteria/subcriteria. Therefore we feel that even if sample increases the same opinion will arrive.
Ratio scales from reciprocal pairwise comparison matrices. In
The final ranking of the criteria/subcriteria is shown in Table 5 .4 where in the last column named as Group, are the opinions of the group as calculated by geometric mean method which is explained in Section 5.3. P. Kousalya et al. 13 It is observed that all the five experts have ranked participation in workshops/seminars/ conferences, evaluation system, lack of responsibility of the student, distractions, lack of motivation, socioeconomic factors, participation in cocurricular/extracurricular/cultural activities, psychological factors, and domestic problems (M, H, J, I, D, F, L, G, B), as the first nine criteria, which is nearly the same as that of the group. Also it can be seen that, when the rankings of the subcriteria are considered, there is a good amount of consensus among the experts' opinions. 5.5. Alternative solutions to student absenteeism. From literature survey, experts' opinions, and journals' surveys [1, 2, 20] , some alternative solutions which are relevant to the criteria, for reducing student absenteeism were identified. By Delphi study, the alternatives are then sent to the experts for consensus and finally the following were shortlisted. The alternatives considered for motivating students to reduce student absenteeism and stimulating studious/efficient-learning processes in them are as follows:
(i) counseling, (ii) infrastructure, (iii) involvement of parents, (iv) making lecture more attractive, (v) curriculum-revision/better evaluation, (vi) punishments/awards for attendance, (vii) peer pressure.
The physical significance of alternatives with respect to the criteria/subcriteria.
The physical significance of alternatives with respect to the criteria/subcriteria is explained below.
Counseling.
A student who has certain domestic problems, who lacks self-motivation, who lacks motivation from teachers/parents; or who has difficulty in changing from regional language to English, who has bad company; or who is undisciplined or who is involved in some political/communal activities needs counseling.
Infrastructure. Good infrastructure like well-equipped labs good library facilities is to be provided. Classrooms need to have proper ventilation. Frequent ill health like common fevers, headaches, and so forth can be cured with some first aid and medical facilities.
Involvement of parents.
Parents need to check their wards' attendance to the classes their performance in the examinations regularly. Parents can motivate their wards to the maximum extent and see that they are not involved in a bad company, or in political/communal activities.
Making lecture more attractive. Certain factors like disturbances outside the class room, lack of interest for engineering education, distractions like movies/drugs, or other attractions, involvement in political/communal activities can be curbed by making lecture more attractive.
Curriculum revision/better evaluation. Certain factors like evaluation system can be changed by better evaluation techniques that can be adopted by universities. Curriculum has to be revised regularly so that students can participate in workshops, seminars, or conferences. Punishments/awards for attendance. Giving awards for good attendance can motivate the student. By giving punishments from the beginning of the academic year for poor P. Kousalya et al. 15 attendance, factors like lack of responsibility of the student and participation in cocurricular/extra curricular/cultural activities can be reduced to some extent.
Peer pressure. Certain factors like influence of bad company, indiscipline, distractions like movies/drugs, or other attractions can be either reduced increased by peer pressure. Also, student's involvement in communal/political activities can be reduced if peer pressure is exerted positively.
Consistency test.
The validity of expert's opinions on importance of criteria, alternatives versus subjective criteria, is verified by Saaty's consistency test. Saaty defines the consistency index (C.I) as
and their mean C.I value, called the random index (R.I) was computed as shown in Table 5 .5. Using these values, consistency ratio (C.R) is defined as the ratio of C.I to R.I. Thus C.R is a measure of how a given matrix compares to a purely random matrix in terms of their C.Is. Therefore,
The acceptable CR range varies according to the size of the matrix, that is, 0.05 for a 3 × 3 matrix, 0.08 for a 4 × 4 matrix, and 0.1 for all larger matrices, for n ≥ 5 (Saaty 1980 [22] ) if the value of CR is equal to, or less than, that value, it implies that the evaluation within the matrix is acceptable or indicates a good level of consistency in the comparative judgments represented in that matrix. If CR is more than that acceptable value, inconsistency of the judgments within the matrix has occurred and the evaluation process should be reviewed. A value of C.R ≤ 0.1 is considered acceptable; and larger values require the decision maker to reduce the inconsistencies by revising judgments. First C.I of each pairwise matrix was found.
The average random consistency index is given in Table 5 .5 where the first column corresponds to the size of the matrix and the second column, their corresponding random consistency indices for different size of the matrices.
Hierarchy consistency index.
The hierarchy consistency index for each expert was calculated by multiplying C.I under each criterion with its global weight and adding these for the entire hierarchy. These are shown for each expert in the second column of Table 5 .6.
Hierarchy random consistency.
Hierarchy random consistency is obtained by multiplying the random indices under each criterion for each expert, with its global weight and by adding these for the entire hierarchy. These are shown for each expert in the third column of Table 5.6. 
Hierarchy consistency ratio.
The hierarchy consistency ratio of each expert is the ratio of hierarchy consistency index to hierarchy random consistency. It is the ratio of the second column elements to the third column elements for each expert. The hierarchy consistency ratio of each expert is given in the fourth column of Table 5 .6. These terms like hierarchy consistency index, hierarchy random consistency, and hierarchy consistency ratio are cited in [8] . Table 5 .6 shows that the hierarchy consistency ratio of experts' ranges from 0.92037 (Expert 8) to 0.93889 (Expert 2). Hence, there is a good amount of consistency in the opinions of the experts.
Preferential weights of alternatives.
Using Saaty's Eigenvector method, appropriateness weights of alternatives [16] under each criterion/subcriterion are calculated which is shown in Table 5 .7. The composite weights of alternatives are found by multiplying the appropriateness weights under each criterion with that criterion's global importance weight. By adding each such composite weight for all the criteria, the preferential weights of alternatives for each expert are found. The alternatives were then sent to 11 of the experts who had responded to the first two questionnaires out of which 4 have responded, which is shown in Table 5 .12. The P. Kousalya et al. 17 18 Student absenteeism using AHP [16] with respect to each criteria/subcriteria are found for each expert, which is shown in Table 5 .12.
The GMM values, which are shown in Table 5 .12, are the group opinions of the four experts (who have responded for the opinions of alternatives under each criterion/subcriterion) for the alternatives with respect to each of the criteria/subcriteria. These opinions are ranked for each expert under each alternative (preferential ranks) [16] and are compared with the GMM ranks, which are shown in Table 5 .13. The group preferential weights of alternative solutions are shown in Figure 5 .1. It is clear from Figure 5 .1 that, involvement of parents is given first preference, counseling the second preference, peer pressure the third preference, punishment/awards for attendance the fourth preference, making lecture more attractive the next preference, infrastructure the next preference, and curriculum revision/better evaluation is the least preferred. 
Summary, results, and discussion
The utility of multicriteria decision-making methods is presented in this paper. By conducting Delphi study, data from the preliminary round questionnaire survey from experts, and criteria, which influence student absenteeism, were identified and the hierarchy of the criteria/subcriteria was formed. Next, from the first round questionnaire survey, the importance weights of the criteria influencing student absenteeism were calculated. Appropriateness weights of alternatives are found using Eigenvector method given in Section 5.2. Composite weights are found by multiplying appropriateness weights of alternatives under each criterion with its global importance weight. Then preferential weights are found by adding all composite weights of that alternative. The results from Tables 5.12 and 5.13 show that the order of preferences slightly changes for different experts. Out of the four experts, Exp: 10 prefers involvement of parents as the best alternative which is the same as the group preference (GMM) of experts. Exp: 2 prefers counseling, Exp: 8 prefers punishment/awards for attendance, and Exp: 11 prefers infrastructure as the best alternative. When counseling is the second best alternative of GMM and Exp: 2 prefers involvement of parents, Exp: 8 and Exp: 11 prefer peer pressure, and Exp: 10 prefers infrastructure as second best alternative. Next, making lecture more attractive is preferred as the next best alternative by two experts (Exp: 2 and Exp: 11). Exp: 10 prefers counseling and Exp: 8 prefers Involvement of parents as the next best alternative. Curriculum revision/better evaluation is less preferred by Exp: 2 and Exp: 8, making lecture more attractive is less preferred by Exp: 10, whereas punishment/awards for attendance is less preferred by Exp: 11. Curriculum revision/better evaluation is least preferred by Exp: 10 and Exp: 11, which is the same as that of group preferences. Exp: 2 prefers infrastructure as the least preferred alternative and Exp: 8 prefers making lecture more attractive the least.
Many criteria like frequent ill health, monetary problems, motivation from parents, uneducated parents, influence of bad company, lack of interest for engineering education, movies/drugs/other attractions, communal/political activities can be reduced or curbed by the alternative solution involvements of parents to know their wards' day-today progress. This may be reason for giving greater preference to this alternative by the experts. Teachers and parents are to be involved in making the student/ward regular to the college and befit to engineering education. This can be done by regular counseling of the student. This may be the reason for preferring counseling as the second best alternative by the experts.
The case discussed in this paper is for engineering colleges of Andhra Pradesh. However to apply this model to other states or countries or to any other location, the following steps could be followed.
(i) Experts' opinions on relative importance of criteria shown in Figure 4 .1, for that location has to be collected using the scale shown in Table 4 .1. (ii) For each of these last level criteria/subcriteria, data on alternatives has to be collected. (iii) By inputting the above data, the priorities of alternative solutions for that location can be found, using the software developed by the authors.
6.1. Scope for further study and limitations of the study.
Scope.
Research works on various aspects of AHP, in general, should be carried on. Few of the worth-pursuing directions are mentioned below. Sensitivity analysis can be performed on expert weights, criteria priorities, and ratings on the results to see if the rankings change.
Since the nature of the problem of reducing student absenteeism in engineering colleges involves social, economic, and cultural factors, non-availability of exact data, and solutions applied by experts that may be subjective by nature, fuzzy hierarchical decisionmaking method can be applied to this problem and refine the solution by synthesizing the concepts of multicriteria decision-making method and fuzzy analysis.
The study mainly used a questionnaire for getting the importance criteria and priorities of alternatives. Hence, the accuracy and exactness of the data/information collected may not be cent percent. Therefore, inaccuracies crept in, on account of communication problems, though every care was taken to lessen them. Though the analysis reflects the situations that prevail during 2005-2006, this may be applicable for quite a long period.
Limitations.
The major limitation of the study is that the number of respondents for ranking of the criteria/subcriteria is only five, and for the final alternatives, the number of respondents is only four. Even though the number of respondents differs in their ranking criteria/subcriteria, all the five experts have ranked the same criteria as first nine criteria. P. Kousalya et al. 25 Though, in such a study, no minimum number is fixed, we feel that a sample of 15-20 would have been better like in Delphi study. Many of the panelists expressed that there are too many cells to be filled and it takes a very long time, which they cannot spare. However, the respondents are highly experienced (number of years of experience, resp., are 32, 26, 22, and 17) in engineering education. Therefore, the study result can be taken into serious consideration. The practitioners can always develop their own values for the cells in order to determine the rankings in their environment.
As this paper is only an application of existing method, a better mechanism to consolidate disparate expert opinions could not be provided. However, sensitivity analysis could be performed on fuzzy decision-making, which is beyond the scope of the present paper.
